Objective The objectives of this study are to report socioeconomic inequalities in childhood malnutrition in the developing world, to provide evidence on the association between socioeconomic inequality and average malnutrition, and to draw attention to the different patterns of socioeconomic inequality in malnutrition.
Conclusion
Socioeconomic inequalities in childhood malnutrition were present in the entire developing world, and were not evidently related to average rates of malnutrition. Failure to tackle these inequalities is a cause of social injustice and a reduction of these inequalities does not seem to arrive as a windfall profit from reducing the overall rate of malnutrition. Therefore policies should take into account the entire distribution of childhood malnutrition across socioeconomic groups.
INTRODUCTION
Epidemiological evidence points to a small set of primary causes of child mortalitypneumonia, diarrhea, low birth weight, asphyxia and, in some parts of the world, HIV and malaria -as the main killers of children under five years. Malnutrition is the underlying cause of every one out of two such deaths. 1, 2 The evidence also shows that child deaths and malnutrition are not equally distributed throughout the world. They cluster in Sub-Saharan Africa and South Asia, and in poor communities within these regions. 3, 4 Poor-rich disparities in health outcomes are increasingly drawing the attention of researchers and policy makers, hereby fostering a substantial growth in the healthequity related literature. 5, 6, 7, 8 Socioeconomic inequality in malnutrition refers to the degree to which childhood malnutrition rates differ between more and less socially and economically advantaged groups. This is different from pure inequalities which take into account all variation in childhood malnutrition. The available literature that documents socioeconomic inequality in malnutrition is mainly focused on one specific country or region. 9, 10, 11, 12, 13, 14 On a more global level, Wagstaff and Watanabe 15 The use of such a large number of countries allows getting insight into the regional clustering of poor-rich malnutrition disparities in the developing world and into the association between average levels of malnutrition and socioeconomic inequality. Given the focus in international development targets on average rates of malnutrition, it is of interest to establish how countries compare on average rates of malnutrition and inequalities in malnutrition. In addition to quantifying the degree of socioeconomic inequality by a single index, the different patterns of the distribution of malnutrition across socioeconomic groups are also illustrated.
Second, this paper measures childhood malnutrition using the new growth standards that have been recently released by the World Health Organization. 18 The new standards are based on children from Brazil, Ghana, India, Norway, Oman and the US and adopt a fundamentally prescriptive approach designed to describe how all children should grow rather than merely describing how children grew in a single reference population at a specified time. 19 For example, the new reference population only includes children from study sites where at least 20% of women are willing to follow breastfeeding recommendations. To our knowledge this is the first study presenting estimates of malnutrition in a large set of countries based upon these new standards. To check sensitivity of the results to this change in reference group, the analysis is also done using the older US National Center for Health Statistics (NCHS) reference population. 20 Finally, this paper measures socioeconomic inequality in malnutrition by means of the concentration index, which takes into account inequality across the entire socioeconomic distribution. Applied to binary indicators, such as mortality and stunting, the concentration index depends upon the mean of the indicator. This would impede cross country comparisons due to substantial differences in means across locations. To avoid this problem, we use an alternative but related index recently introduced by Erreygers 21 .
METHODS

Data
Data was used from all 47 Demographic Health Surveys (DHS) that contain information on the nutritional status of children aged up to five years. The data represents countries from four regions: 26 countries in sub-Saharan Africa, 7 in the Near East, 5 in South-South East Asia and 9 in Latin America and the Caribbean region. Table 1 shows the countries and datasets used.
Analysis
Anthropometric data on the height-for-age and the weight-for-height of children were used to measure chronic and acute malnutrition respectively. Low height-for-age reflects slowing in skeletal growth, and is considered to be a reliable indicator of long-standing malnutrition in childhood. Low weight-for-height on the other hand indicates a deficit in tissue and fat mass and is more sensitive to temporary food shortages and episodes of illness. Low weight-for-age is also used in the literature, but not used here as it does not discriminate well between temporary and more permanent malnutrition. 9, 20, 22 A child was considered stunted/wasted if its height-for-age/weight-for-height was below minus two standard deviations from the median of the reference population. 9, 16 We used these crude binary indicators of stunting/wasting as their averages are much easier to intuitively interpret -compared to the continuous height-for-age/weight-for-age z-scores -and therefore facilitate the comparison of stunting/wasting rates across socioeconomic groups and across countries. This paper used the new WHO child growth standards that were released by the World Health Organization in April 2006. 18 Robustness of the results against this change from the NCHS growth standards 20 was also checked.
An indicator of socioeconomic status was developed using principal component analysis. 23 The indicator combined information on a set of household assets and living conditions: the ownership of a car, phone, TV, radio, fridge, bike and motorcycle; the availability of electricity, clean water and a toilet; and the material used to construct the wall, roof and floor of the household dwelling. and (iii) transferring malnutrition from a richer to a poorer individual reduces socioeconomic inequality -but overcomes several of its methodological shortcomings. In particular for this paper, it is worth mentioning that the generalisation avoids dependence upon the mean of the binary indicator (Wagstaff 26 discussed a related issue for the bounds of the concentration index). Not correcting for mean dependence would impede cross country comparisons due to substantial differences in means across locations. In addition it would predetermine the association between average levels of malnutrition and socioeconomic inequality.
Socioeconomic inequality in stunting and wasting was calculated by means of a recently
Since DHS rely on multi-stage sampling procedures, all estimates take account of sampling weights and statistical inference is adjusted for clustering on the level of the primary sampling unit. The statistical inference for the index recently proposed by Erreygers was based on an adapted version of the convenient regression approach. 27, 28 RESULTS Table 2 shows the socioeconomic inequalities in stunting. In almost all countries, stunting was disproportionably affecting the poor. Concentration indices (based upon the WHO child growth standards and calculated as suggested by Erreygers 21 ) were significant in all countries, except in Madagascar, and ranged from -0.0005 in Madagascar to -0.42 in Guatemala. Socioeconomic inequality in stunting appeared largest in the Latin American and Caribbean (LAC) region, where the median C equaled -0.22.
The results with respect to wasting are presented in Table 3 . Wasting was generally more concentrated among the poor, but the socioeconomic inequality was much smaller as compared to stunting. For about one third of the countries socioeconomic inequalities were insignificant. The median concentration index (calculated as suggested by Erreygers 21 ) was largest in South Southeast Asia (SSEA) (-0.05 based upon WHO child growth standards). Table 2 and Table 3 also show average stunting and wasting rates based upon the new WHO child growth standards and the NCHS growth standards. For both malnutrition indicators, average rates were higher using the new WHO reference standards. However, socioeconomic inequalities were fairly similar across the different growth standards; therefore the following discussion is mainly based upon the WHO child growth standards. Figure 1 plots the average level of stunting against socioeconomic inequality in stunting.
For illustrative purposes, the negative of the concentration index (calculated as suggested by Erreygers 21 ) is shown in these figures such that higher values on the y-axes indicate higher socioeconomic inequality in favour of the rich. There was no clear association between average stunting and socioeconomic inequality in stunting (Spearman coefficient=0.20, p-value=0.17). If attention was restricted to socioeconomic inequalities in the LAC region, higher average stunting levels were associated with higher socioeconomic inequalities in stunting. Figure 2 shows the same association for wasting and clearly illustrates the much smaller socioeconomic inequalities in wasting as compared to stunting. There appeared a negative association between average wasting and the concentration index of wasting (Spearman coefficient=-0.60, p-value<0.001), meaning that countries with higher average wasting tended to have higher socioeconomic inequalities. However, Figure 2 shows that the magnitude of the association was low at best. The low values of the socioeconomic inequalities, combined with the finding that the relative variability in average wasting levels across countries (coefficient of variation=0.68) was higher than that in average stunting levels (coefficient of variation=0. 35 ), suggest that one should not focus too much on the significance of the association between average wasting and socioeconomic inequality in wasting.
When using the traditional concentration index (or the one suggested by Wagstaff 26 ), different results for the association were found, i.e. there appeared a strong positive association between average stunting and socioeconomic inequality in stunting (Spearman coefficient=0.78, p-value<0.001), whereas the association between average wasting and socioeconomic inequality in wasting was insignificant (Spearman coefficient=0.14, p-value=0. 35 ). This confirms the importance of correction for mean dependence. Table 2 and Table 3 also show the distribution of stunting and wasting across quintiles of socioeconomic status. These distributions can take different patterns, which are illustrated for three selected countries in Figure 3 . 29 In Rwanda, socioeconomic inequality in stunting could be characterized as mass deprivation -stunting is highly prevalent within the majority of the population while a small privileged class is much better off. A second pattern, as was seen in Ghana, could be described as queuing -average stunting is lower than in the previous pattern, but richer population groups are better off while the poor had to wait for a "trickle-down" effect. Third, socioeconomic inequality in stunting in Brazil was in the form of exclusion whereby stunting prevalence is relatively low within the majority of the population, but where a poor minority of the population was deprived.
DISCUSSION
This study illustrates the existence of socioeconomic inequality in malnutrition across the developing world. The results show that malnutrition favours the better-off and that this inequality is much more pronounced for stunting than for wasting. This could be expected as previous evidence has suggested that socioeconomic status has a smaller effect on the stochastic conditions that precipitate wasting (e.g. unforeseen environmental factors and diseases) than it has on long-term malnourishment. 9, 15 Socioeconomic inequalities in stunting were largest in the Latin American and Caribbean region, with Guatemala being an outlier, which is also in line with previous findings. 11, 15, 30 Average wasting and stunting rates based upon the WHO child growth standards were larger than those based upon the NCHS reference population. This has also been found by de Onis et al 31 for Bangladesh, Dominican Republic and a pooled sample of North American and European children. However, estimates of socioeconomic inequalities in both stunting and wasting were similar across the different growth standards, as were the associations between socioeconomic inequalities and averages.
When studying the association between average malnutrition and socioeconomic inequality in malnutrition, the choice of the inequality index does matter. Using Erreygers' index 21 , there appeared no clear association between average stunting and socioeconomic inequality in stunting (and some evidence of a limited association for wasting was presented), while the traditional concentration index (or the one suggested by Wagstaff 26 ) gave rather opposite findings. It is worth noting that Wagstaff and Watanabe 15 found evidence of an inverse relationship between underweight and socioeconomic inequality using the traditional concentration index. Applying Erreygers' index to the data in their paper reversed this finding, which illustrates Erreygers' point about the need to be careful when comparing concentration indices across countries with highly differing stunting levels.
Socioeconomic inequality was found in different patterns that varied between mass deprivation, queuing and exclusion. The manner in which systems based on primary health care develop will vary across these differing contexts. In the case of exclusion, programs targeted at specific population groups, i.e. the poorest, are urgently needed to achieve pro-equity outcomes while in other instances, such as mass deprivation, broad strengthening of the whole system or a combination of the two approaches is required. 29 In this respect, the distribution of malnutrition across socioeconomic groups, as shown in Table 2 and Table 3 , can provide a useful tool for health policy makers as it can easily be used to classify countries according to the above mentioned patterns.
There are some limitations to this study. First, it has to be noted that for 6 out of the 47 countries (Central African Republic, Comoros, Niger, Togo, Kyrgyzstan Republic and India) data was only available for children aged 0-3 years instead of 0-5. Since anthropometric deficits accumulate over time, the average malnutrition rates for these countries are underestimated as compared to the other countries. However, as already discussed by Wagstaff and Watanabe 15 , changes in the age limit do not systematically produce an upward or downward bias in socioeconomic inequality. Furthermore, the results were found to be robust to the exclusion of these countries.
Second, the use of an asset index to capture socioeconomic status has its shortcomings.
Houweling et al 32 have shown that the choice of the assets can influence the observed magnitude of health inequalities, but also conclude that in the absence of reliable information on income or expenditure, the use of such an asset index is generally a good alternative to distinguish socioeconomic layers within a population (see also Wagstaff and Watanabe 33 ). With respect to this study, it is important to note that a separate asset index is constructed for each country. Therefore it is allowed that the correlation between assets and socioeconomic status varies across countries.
Third, this study only investigates socioeconomic inequalities in childhood malnutrition across the developing world and the extent to which these relate to average malnutrition rates. Clearly, this is only a first step in a broader research agenda that analyzes the 
CONCLUSION
The findings of this study are relevant from both a methodological and policy point of view. Regarding the methodological contribution, this paper is the first to study socioeconomic inequalities in childhood malnutrition in the developing world using the recently introduced WHO child growth standards. It is found that although average malnutrition is higher when using this reference population, estimates of socioeconomic inequality are fairly similar compared to the ones based upon the NCHS reference population. Second, the analysis demonstrates that when studying the association between average malnutrition and the concentration index, it is important to account for mean dependence of the latter index. When doing so, no clear relationship was found between average malnutrition and socioeconomic inequality.
The lack of any relationship between average malnutrition and socioeconomic inequality is also important from a health policy perspective. It suggests that countries with lower average malnutrition levels did not perform fundamentally different in terms of socioeconomic inequalities compared to countries with much higher average malnutrition levels. While it is not clear from this study whether this is due to a deliberate policy focus on average malnutrition levels, it shows policy makers should realize that there do not seem to be obvious windfall profits resulting from focussing on a reduction of average malnutrition levels. Nevertheless, the main goals and targets of large scale development programs such as the Millennium Development Goals continue to be couched in terms of improving population averages. 36 The results of this study also indicate that not only the degree, but also the pattern of socioeconomic inequalities in malnutrition should be a concern in setting health policies.
To reduce malnutrition in e.g. many Latin American countries, policies should be targeted to the poor. In contrast, in a lot of Sub-Saharan African countries, next to targeting the poor, there also is a great scope for progress by simply focussing on the general population. Table 3 : Estimated wasting rates in under-five children by quintiles of socioeconomic status, average wasting rates, and concentration indices (C) based upon WHO and NCHS growth standards. Underscored averages and C indicate insignificance at the 10% level. Concentration indices are calculated as suggested by Erreygers 21 . 
